characterized the c-Jun NH 2 -terminal Kinase 3 (JNK3) gene, a member of the JNK group of mitogen-activated protein kinase (MAP kinase), within this region (Yoshida et al. 2001) .
The Fas-associated phosphatase-1 (FAP-1) gene, previously assigned to 4q21.3 (Inazawa et al. 1996) , regulates Fas-induced apoptosis by interacting with the third Gly-Leu-Gly-Phe (GLGF) domain in the C terminus of the Fas receptor (Sato et al. 1995) . Its cDNA has been variously called Fas-associated protein-tyrosine phosphatase nonreceptor-type 13 (PTPN13; Inazawa et al. 1996) , PTPL1 (Saras et al. 1994) , PTP-BAS (Maekawa et al. 1994) , and hPTP1E (Banville et al. 1994) . Negative regulation of Fas-mediated apoptosis by FAP-1 in human cancer cells was recently described by Sato and his colleagues (Li et al. 2000) .
During our characterization of the 5Ј flanking region of the JNK3 gene (Yoshida et al. 2001 ) using genome sequencing and 5Ј rapid amplification of cDNA ends (5Ј RACE) experiments, we discovered that the FAP-1 gene is located only 633 bp upstream from JNK3 in a head-to-head orientation. The work reported here characterized the positional relationship of these two genes and determined the genomic structure of FAP-1, in which we detected seven singlenucleotide polymorphisms (SNPs) in a 192-chromosome population sample.
Subjects and methods
We cloned the 5Ј ends of the FAP-1 and JNK3 cDNAs by means of 5Ј RACE experiments with three cancer-cell lines, D283Med (brain tumor), MCF7 (breast cancer), and Caki-1 (kidney cancer), using a SMART (Switching Mechanism at 5Ј end of RNA transcript) RACE cDNA amplification kit (Clontech, Palo Alto, CA, USA). For amplifying the 5Ј end of JNK3, we used a gene-specific primer (5Ј-CACTTCCACACTGTAGAACTGGTTGTCAACTTTG-3Ј) corresponding to nucleotides 217-250 of the archived partial cDNA (GenBank accession no. HSU34820) and a
Introduction
Human cancers frequently show allelic loss on the long arm of chromosome 4; we ourselves have defined a 1-cM region at chromosome 4q21-22 that is commonly deleted in hepatocellular carcinomas (Bando et al. 1999) . We recently nested gene-specific primer (5Ј-GGCAATTTTCACATCC AATGTTGGTTCACTGCAG-3Ј) corresponding to nucleotides 115-148 of the partial cDNA. For amplifying the 5Ј end of FAP-1, we used a gene-specific primer (5Ј-AGATGGCAGCAACAGCAGAGAC-3Ј) corresponding to nucleotides 225-246 of the archived partial cDNA (GenBank; D21209) and a nested gene-specific primer (5Ј-ATATTACCGGCTGGTCCCGAG-3Ј) corresponding to nucleotides 45-65 of the partial cDNA. A bacterial artificial chromosome (BAC) containing human FAP-1 genomic sequence was isolated by three-dimensional polymerase chain reaction (PCR) screening, and the BAC DNA was directly sequenced to determine exon-intron boundaries using primers derived from GenBank cDNA sequence D21209. Partial comparisons were carried out with archived draft sequences (GenBank AF101267, AC022865, and AC007525).
DNA samples were obtained with written informed consent from 96 Japanese volunteers recruited for the study, which was approved by the Institutional Review Board of the Nippon Medical School. PCR-Single-strand conformation polymorphism analysis of each exon of FAP-1 in these samples was carried out as described previously (Yoshida et al. 2001 ) using the PCR primer sets shown in Table 1 .
Results and discussion
We invoked the 5Ј RACE technique to identify an additional 190-bp sequence on the 5Ј end of the JNK3 exon 2, and subjected the result to a basic local alignment search tool (BLAST) search; this entire sequence exactly matched the distal promoter region of the human FAP-1 gene archived as AF101267 in the GenBank database. This fact revealed that the human JNK3 and FAP-1 genes were arranged in close proximity, but in opposite directions, head to head (Fig. 1) . The transcription-start sites of the two genes were only 633 bp apart. We examined these sites by means of 5Ј RACE assays using primer sequences located in Lower-case letters refer to intronic sequence and upper case to exonic sequence. Boldface type indicates agreement with the GT-AG rule the most upstream exons (exon 1) in cDNAs from cell lines derived from brain, breast, or kidney cancers, and found extension products of the same length and sequence corresponding to the upstream cap sites in all three lines. Because we examined only the most upstream, or distal, promoter region of FAP-1 in our 5Ј RACE assay, we were unable to detect shorter products that might otherwise have appeared if we had used primers specific for the more proximal promoter sequences that Irie et al. (2001) had described in several cancer-cell lines. Figure 1 displays the structure of the 5Ј-flanking sequence shared by FAP-1 and JNK3; no CAAT or TATA boxes were present for either gene. The features noted in Fig. 1 are characteristic of the promoters of housekeeping genes (Dynan 1986 ). All binding sites for transcription factors found in the shared region were examined with the TRANSFAC program (http://www.motif.genome.ad.jp/), which revealed a G/C-rich region and a CCAAT box, as well as GATA-1, Sp1, AP-1, and AP-2 motifs. The results suggested that the JNK3 and FAP-1 genes are likely to share a bidirectional promoter.
When we extended our search for transcription-factor binding sites of the FAP-1 gene 1 kb farther into the JNK3 region, we identified an additional AP-1 binding site on exon 1 of the JNK3 gene (Fig. 1) . Functional assays for FAP-1 promoter activity will be required to more precisely define the region in question. However, the issue is too complex to resolve at present in view of the multiplicity of transcription-initiation sites noted for FAP-1 and because different tissue-and cell-specificities depend on distinct FAP-1 promoters. We will carry out functional promoter assays after these issues are clarified. We merely note here that these two coordinately controlled genes exert their effects in different pathways of apoptosis: the JNK3 signaling pathway mediates apoptosis in the nervous system (Yang et al. 1997) , whereas the FAP-1 is a negative regulator of Fas-induced apoptosis. Novel transcription factors that affect both genes in trans may bind to this region. Additional, distinct regulatory elements may be present further upstream of each gene.
Structural analysis revealed that the FAP-1 gene consists of 48 exons interrupted by 47 introns; its transcriptioninitiation site is within exon 2 and the termination codon lies in exon 48. Exons 2-5, 21-23, 25-28, 29-30, 33-34, and 34-36 encode GLGF repeat domains 1-6, respectively. Exons 12-17 encode the membrane-binding domain and (Fig. 2) . Exonintron boundary sequences compatible with the consensus rule are shown in Table 2 . Among 192 human chromosomes from Japanese volunteers, we found a total of seven sequence polymorphisms within functional domains or the putative promoter region of the FAP-1 gene (Table 3) . Among these SNPs, two were nonsynonymous substitutions, i.e., Leu1419Pro and Ile1522Met; three did not affect amino acid sequence, and the remaining two were in the putative promoter region. The exon-intron boundaries reported here, and the novel polymorphisms, should prove useful for genetic studies seeking to clarify activities of FAP-1 in diseases involving cell growth and inhibition of apoptosis.
